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,QWURGXFWLRQ
7KH PHDVXUHPHQW RI WKH XQVWHDG\ QRQ XQLIRUP IORZ UDWH RI HQYLURQPHQWDO ZDWHUV LQ RSHQ FKDQQHOV SUHVHQWV
FRQGLWLRQV PDNLQJ FRQYHQWLRQDO LQVWUXPHQWV LQDSSURSULDWH 7KH PRVW UDSLG UHVSRQVH WHFKQLTXHV WR PHDVXUH WKH
YHORFLW\GLVWULEXWLRQDQGWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZDUHDQROGHUPHWKRGKRWILOPDQHPRPHWU\DQGD
PRGHUQ PHWKRG SDUWLFOH LPDJH YHORFLPHWU\3UHYLRXV VWXGLHV UHSRUW WXUEXOHQFH GDWD REWDLQHG IURP KRWILOP
DQHPRPHWU\>@>@>@>@DQGIURPSDUWLFOHLPDJHYHORFLPHWU\>@>@>@
0HDVXUHPHQWV RYHU WZR GLIIHUHQW VXUIDFH JHRPHWULHV DPHVK URXJKQHVV DQG VSDQZLVH FLUFXODU URGV UHJXODUO\
VSDFHGLQWKHVWUHDPZLVHGLUHFWLRQLQGLFDWHVLJQLILFDQWGLIIHUHQFHVLQWKH5H\QROGVVWUHVVHVHVSHFLDOO\WKRVHLQYROYLQJ
WKHZDOOQRUPDOYHORFLW\IOXFWXDWLRQRYHUWKHRXWHUUHJLRQ7KHGLIIHUHQFHVDUHVXFKWKDWWKH5H\QROGVVWUHVVDQLVRWURS\
LVVPDOOHURYHUWKHPHVKURXJKQHVVWKDQWKHURGURXJKQHVV7KH5H\QROGVVWUHVVDQLVRWURS\LVODUJHVWIRUDVPRRWK
ZDOO 7KH VPDOOVFDOH DQLVRWURS\ DQG LQWHUPLWWHQF\ H[KLELWPXFK VPDOOHU GLIIHUHQFHVZKHQ WKH7D\ORUPLFURVFDOH
5H\QROGVQXPEHUDQGWKH.ROPRJRURYQRUPDOL]HGPHDQVKHDUDUHQRPLQDOO\WKHVDPH>@
,QWKHVWXG\RI>@UHVXOWVH[SHULPHQWDODQGFRPSXWDWLRQDOIRUWXUEXOHQWIORZRYHUDQGZLWKLQDSRURXVEHGKDYH
EHHQSUHVHQWHG7KHVLPXODWLRQKDVEHHQDFKLHYHGZLWKWKHXVHRIURGVEXQGOH7KHYHORFLW\GLVWULEXWLRQDQGWXUEXOHQW
FKDUDFWHULVWLFVRIWKHIORZLQWKHIOXLGUHJLRQRYHUWKHSRURXVUHJLRQZDVPHDVXUHGZLWKDKRWILOPDQHPRPHWU\76,
FURVV KRW ILOP FRQQHFWHGZLWK ,)$&RPSXWHG DQGPHDVXUHGPHDQ YHORFLWLHV DQG WXUEXOHQFH FKDUDFWHULVWLFV
LQGLFDWHWKHVLJQLILFDQWLQIOXHQFHRIWKHSRURXVEHGRQWKHIORZFKDUDFWHULVWLFV
,QWKHZRUNRI>@WKHWXUEXOHQWIORZLQRSHQFKDQQHOZLWKSHUPHDEOHEHGLVLQYHVWLJDWHGH[SHULPHQWDOO\ZLWKWKH
XVHRIKRWILOPDQHPRPHWU\76,FURVVKRWILOPFRQQHFWHGZLWK,)$7KHSHUPHDEOHEHGLVVLPXODWHGLQLWLDOO\
ZLWKSRURXVILOWHUVDQGWKHQZLWKIOH[LEOHYHJHWDWLRQRISRURVLW\İDQG7KHUHODWLYHSRURXVWKLFNQHVVV¶K
V¶ SRURXVWKLFNQHVVK IORZGHSWKLVYDULHGIURPWRDQGWKH5H\QROGVQXPEHUIURPWR
0HDVXUHPHQWVRIGLVFKDUJHPHDQYHORFLW\DQGWXUEXOHQWFKDUDFWHULVWLFV5H\QROGVVWUHVVHVUHYHDOWKHHIIHFWRIWKH
PDWHULDOXVHGILOWHUVYHJHWDWLRQİDQGV¶KRQWKHIORZFKDUDFWHULVWLFVDQGWKHGLVFKDUJHFDSDFLW\RIWKHFKDQQHO,Q
WKHVWXG\>@WKHFKDUDFWHULVWLFVRIWXUEXOHQWIORZDERYHDSRURXVEHGDUHVWXGLHGH[SHULPHQWDOO\ZLWKWKHXVHRIKRW
ILOPDQHPRPHWU\76,FURVVKRWILOPFRQQHFWHGZLWK,)$9HORFLW\DQGGLVFKDUJHDUHPHDVXUHGIRUWZRGLIIHUHQW
W\SHVRISRURXVEHGZLWKWKHVDPHSRURVLW\İ SRURXVILOWHUDQGURGVEXQGOHLQRUGHUWRVWXG\WKHGLVWULEXWLRQRI
YHORFLW\DQGWKHWXUEXOHQFHFKDUDFWHULVWLFV5H\QROGVVWUHVVHVRIVXFKFKDQQHOV7KHH[SHULPHQWDOUHVXOWVVKRZPDQ\
GLIIHUHQFHVLQERWKPHDQDQGWXUEXOHQFHFKDUDFWHULVWLFVEHWZHHQWKHWZREHGPDWHULDOVXVHG
>@ZHUHVWXGLHGH[SHULPHQWDOO\ WKHFKDUDFWHULVWLFVRI WXUEXOHQW IORZLQDQRSHQFKDQQHOXVLQJDSDUWLFOH LPDJH
YHORFLPHWU\7ZRGLIIHUHQWW\SHVRISHUPHDEOHEHGJUDVVYHJHWDWLRQDQGJUDYHOEHGZLWKGLIIHUHQWKHLJKWDQGFP
ZLWKWKHVDPHSRURVLW\İ ZHUHXVHGWRUHSUHVHQWWKHSRURXVEHG+\GUDXOLFFKDUDFWHULVWLFVVXFKDVGLVWULEXWLRQV
RIYHORFLWLHV WXUEXOHQW LQWHQVLWLHVDQG5H\QROGV VWUHVVDUH LQYHVWLJDWHGDQG WKH UHVXOWVVKRZ WKDW WKHEHG W\SHFDQ
VLJQLILFDQWO\LQIOXHQFHWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZ,QWKHVWXG\RI>@WKHWXUEXOHQWFKDUDFWHULVWLFVRIWKH
IORZLQDQRSHQFKDQQHOZLWKKRUL]RQWDODQGLQFOLQHGLPSHUPHDEOHEHGZHUHVWXGLHGH[SHULPHQWDOO\XVLQJDSDUWLFOH
LPDJHYHORFLPHWU\+\GUDXOLFFKDUDFWHULVWLFVVXFKDVGLVWULEXWLRQVRIYHORFLWLHV WXUEXOHQW LQWHQVLWLHVDQG5H\QROGV
VWUHVV DUH LQYHVWLJDWHG DW D ILQH UHVROXWLRQ XVLQJ 3,9 9HORFLW\ LV PHDVXUHG DERYH WKH KRUL]RQWDO DQG LQFOLQHG
LPSHUPHDEOH EHG 7KH PHDVXUHPHQWV RI PHDQ YHORFLW\ LQGLFDWH WKH HIIHFW RI WKH FKDQQHO VORSH RQ WKH IORZ
FKDUDFWHULVWLFV$OVRWKHFKDQQHOVORSHLQIOXHQFHVVLJQLILFDQWO\WKHWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZVXFKDVWKH
YDULDWLRQRIORQJLWXGLQDOWXUEXOHQWLQWHQVLW\WKHYDULDWLRQRIYHUWLFDOWXUEXOHQWLQWHQVLW\WKHWXUEXOHQWNLQHWLFHQHUJ\
DQG5H\QROGVVWUHVVHV
)LQDOO\LQWKHVWXG\RI>@DVHULHVRIODERUDWRU\H[SHULPHQWVZHUHSHUIRUPHGWRLQYHVWLJDWHWKHGLIIHUHQWLPSDFW
EHWZHHQURGVEXQGOHDQGRWKHUSHUPHDEOHEHGV,QWKHRWKHUFDVHVWKHSHUPHDEOHEHGLVVLPXODWHGXVLQJWZRGLIIHUHQW
W\SHVRIYHJHWDWLRQDJUDVVYHJHWDWLRQDQGEJUDYHOEHG$OOWKHSHUPHDEOHEHGURGVEXQGOHJUDVVYHJHWDWLRQDQG
JUDYHOEHGKDYHWKHVDPHWKLFNQHVVVǯ FPDQGWKHVDPHSRURVLW\İ 7KHUHVXOWVLQGLFDWHWKDWWKHSUHVHQFHRI
URGVEXQGOHLPSDFWZLWKGLIIHUHQWZD\WKHYHORFLW\GLVWULEXWLRQLQFRPSDULVRQZLWKRWKHUSHUPHDEOHEHGV$OVRUHVXOWV
VKRZHG WKDW WKH SUHVHQFHRI URGV EXQGOH LQ LQFOLQHGRSHQ FKDQQHOV LQIOXHQFH LQ D VLJQLILFDQWO\ GLIIHUHQWZD\ WKH
WXUEXOHQW FKDUDFWHULVWLFV RI WKH IORZ WXUEXOHQW LQWHQVLWLHV DQG WXUEXOHQW VKHDU VWUHVVHV LQ FRPSDULVRQZLWK RWKHU
SHUPHDEOHEHGVJUDVVYHJHWDWLRQRUJUDYHOEHG
,QWKLVVWXG\DFRPSDULVRQEHWZHHQKRWILOPDQHPRPHWU\DQG3DUWLFOH,PDJH9HORFLPHWU\3,9PHDVXUHPHQWVLQ
RSHQ FKDQQHOV LV LQYHVWLJDWHG)RU WKLV UHDVRQ H[SHULPHQWVZLWKKRWILOP DQHPRPHWU\PHWKRG DQG WKHQZLWK3,9
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PHWKRGLQRSHQFKDQQHOVZHUHSHUIRUPHGIRULPSHUPHDEOHDQGSHUPHDEOHSRURXVILOWHUVEHG5HVXOWVVKRZWKDWWKH
GLIIHUHQWPHWKRGIRUH[SHULPHQWDOPHDVXUHPHQWVLQIOXHQFHLQVRPHFDVHVWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZEXW
QRWWKHYHORFLW\GLVWULEXWLRQ
,QWKLVVWXG\WKHRSWLPXPGHVLJQRIWKHRSHQLQJWKURXJKZKLFKDILVKUHIXJHSRQGFRPPXQLFDWHVODWHUDOO\WRWKH
PDLQIORZRIDULYHUZDVLQYHVWLJDWHGERWKH[SHULPHQWDOO\DQGQXPHULFDOO\7KDWRSWLPXPGHVLJQZRXOGEHGHWHUPLQHG
E\ PLQLPL]LQJ WKH SRWHQWLDO VHGLPHQWDWLRQ SKHQRPHQD LQ WKH ILVK UHIXJH EDVLQ 7KH PHDVXUHPHQWV RI WKH IORZ
FKDUDFWHULVWLFVLQWKHODERUDWRU\ZHUHUHDOL]HGZLWKWKH3,9PHWKRGZKLOHWKHPDWKHPDWLFDOVLPXODWLRQVZHUHEDVHG
RQWKHGHYHORSPHQWDQGDSSOLFDWLRQRID'GHSWKDYHUDJHK\GURG\QDPLFPRGHODQGDTXDVL'VHGLPHQWWUDQVSRUW
PRGHO
([SHULPHQWDO0HWKRGRORJ\
7KHH[SHULPHQWVZLWKWKHVHWZRPHWKRGVZHUHFRQGXFWHGLQDQRSHQFKDQQHORIWKH+\GUDXOLFV/DE7KHFKDQQHO
ZDVPORQJFPZLGHDQGFPKLJK,QLWLDOO\H[SHULPHQWVZHUHPDGHZLWKKRWILOPDQHPRPHWU\PHWKRGDQG
WKHQZLWK3,9PHWKRGIRUWZRFDVHVRIVWXG\DLPSHUPHDEOHEHGDQGESHUPHDEOHEHG)RUWKHVLPXODWLRQRIWKH
SHUPHDEOHEHGDSRURXVILOWHUZLWKSRURXVWKLFNQHVVVǯ FPDQGSRURVLW\İ ZDVXVHG0HDVXUHPHQWVRIYHORFLW\
ZHUHWDNHQIRULQFOLQHGFKDQQHOIRUWZRGLIIHUHQWVORSHV6 DQG6 DQGIRUIRXUGLIIHUHQWWRWDOIORZZDWHU
GHSWKVK FPFPFPDQGFP6L[WHHQODERUDWRU\H[SHULPHQWVZHUHFDUULHGRXWLQWRWDOHLJKWIRUHDFK
FDVH7KHJHRPHWULFFKDUDFWHULVWLFVRI WKHIORZDUHGHSLFWHG LQ ILJXUHVIRU LPSHUPHDEOHEHGDQG IRUSRURXV
ILOWHUV7KHFKDUDFWHULVWLFVRIWKHH[SHULPHQWVDUHSUHVHQWHGLQ7DEOH5H\QROGVQXPEHULVJUHDWHUWKDQIRUDOO
FDVHVLQGLFDWLQJWKDWWKHIORZLVWXUEXOHQW7KHH[SHULPHQWDOVHWXSLVVKRZHGLQILJXUH
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,QLWLDOO\WKHPHDVXUHPHQWVRIYHORFLW\DQGWXUEXOHQFHPHDVXUHPHQWVKRUL]RQWDODQGYHUWLFDOZHUHPDGHZLWKWKH
KHOSRIDKRWILOPDQHPRPHWU\)RUWKLVUHDVRQVHQVRUVRIWZRFRPSRQHQWV76,PRGHOWKDWKDGWKHSRVVLELOLW\
WREHSODFHGLQWKHKRUL]RQWDORUYHUWLFDOOHYHOZHUHXVHG0HDVXUHPHQWVZHUHWDNHQHYHU\ȝVHF7KHOHQJWKRIWKH
VHQVRUVZDVPPDQGWKHGLDPHWHUȝP7KHVHQVRUVZHUHSODFHGRQDYHUWLFDOVXSSRUW76,SUREHVXSSRUWDQG
WKHQWKH\ZHUHSODFHGLQWKHFKDQQHO)RUWKHPHDVXUHPHQWVRIVKHDUVWUHVVWZRDQHPRPHWHUVRQHRIROGHUWHFKQRORJ\
02'(/DQGRQHRIQHZHUWHFKQRORJ\,)$ZHUHXVHG6PDOOHUURUVXSWRZHUHIRXQGGXHWRGLIIHUHQW
DQHPRPHWHUV)RUWKHWUDQVIRUPDWLRQRIDQDORJXHVLJQDOLQWRGLJLWDODQ$'FDUGZDVXVHGDQGGDWDZHUHSURFHVVHG
ZLWKWKHKHOSRIDSURJUDPLQ/$%9,(:HQYLURQPHQW
7KHQ WKHPHDVXUHPHQWV RI YHORFLW\ DQG WXUEXOHQFHPHDVXUHPHQWV KRUL]RQWDO DQGYHUWLFDOZHUHPDGH XVLQJ D
SDUWLFOHLPDJHYHORFLPHWU\3,97KH3,9V\VWHPXVHGIRUWKHPHDVXUHPHQWRIWKHYHORFLW\GLVWULEXWLRQLQWKHIORZ
GRPDLQFRQVLVWVRIDWZLQSXOVHG1G<DJODVHUVQPZDYHOHQJWKPMRXOHSXOVHDW+]DFURVVFRUUHODWLRQ
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DQGD3,9DQDO\VLVVRIWZDUH,QVLJKW*7KHODVHUEHDPVZHUHFRPELQHGDQGIRUPHGDPPZLGHVKHHWE\XVLQJ
VHPLF\OLQGULFDORSWLFV7KHFDPHUDLPDJHVL]HFUHDWHVD[SL[HODUUD\DQGWKHGLPHQVLRQRIWKHYHORFLW\
ILHOGZDVNHSWWR[PPIRUDOOWKHH[SHULPHQWV7KLVPHDQVWKDWWKHUHVROXWLRQRIWKHFDSWXUHGLPDJHVZDV
W\SLFDOO\SL[HOPPZKLOVWWKHSL[HOOHQJWKZDVPPSL[HO7KHODVHUZDVLQVWDOOHGDERYHWKHRSHQFKDQQHO
DWDGLVWDQFHRIFPIURPWKHZDWHUIUHHVXUIDFHZKLOHWKHFDPHUDYLHZHGIURPDQRUWKRJRQDOGLUHFWLRQ
7ZLQ LPDJHVZHUHUHFRUGHGZLWKD WHPSRUDO LQWHUYDORIPV ,Q WRWDOSDLUVRI LPDJHVZHUHFDSWXUHGSHU
H[SHULPHQW 7KH WHPSRUDO LQWHUYDO RI WKHVH WZR SKRWRJUDSKV LV VHF7KH SODQH SKRWRJUDSKVZHUH GLYLGHG LQWR
LQWHUURJDWLRQVSRWVPHDVXULQJ[SL[HOV[PP7KHIOXLGLVJHQHUDOO\VHHGHGZLWKWUDFHUSDUWLFOHVWKDW
IRUWKHSXUSRVHVRI3,9DUHJHQHUDOO\DVVXPHGWRIROORZWKHIORZG\QDPLFV>@7KHVHSDUWLFOHVKDYHDVL]HRIDERXW
ȝPLQFOHDQZDWHU7KHPRWLRQRIWKHVHHGLQJSDUWLFOHVLVXVHGWRFDOFXODWHWKHYHORFLW\YHFWRUVRIWKHIORZ7KH
YDOLGDWLRQRIWKHLPDJHVZDVEDVHGRQD3,9DQDO\VLVVRIWZDUH,QVLJKW*)URPWKHYHORFLW\ILHOGVWKHYHORFLW\
SURILOHVDWYDULRXVSRVLWLRQVZHUHGHWHUPLQHGXVLQJ0DW/DEZKLFKLVLQWHJUDWHGLQWKH,QVLJKW*SURJUDP
7KHGLVWDQFHEHWZHHQWZRQHLJKERXUYHORFLW\YHFWRUVLVPP)URPWKHYHORFLW\ILHOGZHFDQILQGWKHSURILOHRI
WKHIORZDWHDFKYHUWLFDOGLUHFWLRQRUWKHPHDQVSDFHSURILOHLQWKHDUHD3,9VXVHWKHSDUWLFOHFRQFHQWUDWLRQPHWKRGWR
LGHQWLI\LQGLYLGXDOSDUWLFOHVLQDQLPDJHDQGIROORZWKHLUIORZ7KHH[SHULPHQWDOXQFHUWDLQW\RIWKHPHDVXUHGYHORFLW\
ZLWKWKLVWHFKQLTXHLVDSSUR[LPDWHO\>@
7KH PHDVXUHPHQWV ZHUH WDNHQ DW P GLVWDQFH IURP WKH HQWU\ RI FKDQQHO ZKHUH WKH IORZ LV FRQVLGHUHG IXOO\
GHYHORSHG7KHIXOOGHYHORSPHQWRIIORZZDVFKHFNHGE\FRPSDULVRQRIWKHYHORFLW\GLVWULEXWLRQVDERYHWKHYHJHWDWLRQ
LQ WZRYHUWLFDOVDORQJ WKHIORZZLWKFPVHSDUDWLRQGLVWDQFH 7KHXQLIRUPLW\RI WKHIORZZDVFKHFNHGZLWK WKH
PHDVXUHPHQWRIIORZGHSWKZLWKSRLQWJDXJHVDWWZRFURVVVHFWLRQVPEHWZHHQWKHP7KHGHVLUDEOHGHSWKRIIORZLQ
WKHGRZQVWUHDPVHFWLRQFRXOGEHDGMXVWHGZLWKWKHKHOSRIDZHLUDWWKHH[LWRIFKDQQHO7KHHUURURIPHDVXUHPHQWRI
WKHIORZGHSWKZLWKWKHSRLQWJDXJHZDVr PP0HDVXUHPHQWVRIYHORFLW\ZHUHWDNHQDWWKHFHQWUDOD[LVRIWKH
FKDQQHOFURVVVHFWLRQZKHUHWKHIORZFDQEHFRQVLGHUHGWKDWLVQRWLQIOXHQFHGE\WKHODWHUDOZDOOVRIWKHFKDQQHODQG
GHSHQGV RQ WKH IORZ GHSWK 7KH FRPSDULVRQ RI WKH YHORFLW\ GLVWULEXWLRQ DW WKH FHQWUDO D[LV ZLWK FRUUHVSRQGHQW
GLVWULEXWLRQVDWV\PPHWULFDOYHUWLFDOVFPIURPWKHFHQWUDOD[LVVKRZHGWKDWWKHIORZLVWZRGLPHQVLRQDO
$QDO\VLVRIUHVXOWV
7KHFXUUHQWDQDO\VLVDLPVWRLGHQWLI\WKHVLPLODULWLHVDQGGLIIHUHQFHVEHWZHHQKRWILOPDQHPRPHWU\DQGSDUWLFOH
LPDJHYHORFLPHWU\PHWKRGRQWKHYHORFLW\GLVWULEXWLRQDQGWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZ)URPILJXUHVDQG
LWLVREYLRXVWKDWUHJDUGLQJWKHYHORFLW\GLVWULEXWLRQWKHUHLVDJRRGDJUHHPHQWEHWZHHQWKHVHWZRPHWKRGVERWKIRU
SHUPHDEOHDQGLPSHUPHDEOHEHG7KHGLIIHUHQFHVLQPHDQYHORFLWLHVDQGYHORFLW\GLVWULEXWLRQDUHQHJOLJLEOH
7KHGLIIHUHQWPHWKRGIRUH[SHULPHQWDOPHDVXUHPHQWVLQIOXHQFHLQVRPHFDVHVWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKH
IORZ:HXVHGLPHQVLRQOHVVYHORFLWLHVXVLQJWKHIULFWLRQYHORFLW\8 ܷכ ൌ ඥܴ݃ܵZKHUH6LVWKHVORSHRIWKHFKDQQHO
DQG5LVWKHK\GUDXOLFUDGLXV,QILJXUHWKHGLVWULEXWLRQRIWXUEXOHQFHLQWHQVLW\X
8ZLWKLQWKHIORZGHSWKXǯ8YV
\KZLWK 
 uu  DQG u  WXUEXOHQWQRUPDOVWUHVVLQWKHIORZGLUHFWLRQLVSUHVHQWHG,QILJXUHWKHGLVWULEXWLRQ
RIWKHYHUWLFDOWXUEXOHQWLQWHQVLW\Y
8ZLWKLQWKHIORZGHSWK\KLVVKRZQ,QWKHVHILJXUHVWKHVHPLHPSLULFDOFXUYH
RIWKHGLVWULEXWLRQRIWKHWXUEXOHQFHLQWHQVLW\LQWKHIORZGHSWKIRUIORZDERYHLPSHUPHDEOHEHGLVVKRZQDVJLYHQE\
WKHUHODWLRQVKLSVRI>@
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5HJDUGLQJ WKH WXUEXOHQW LQWHQVLWLHV ORQJLWXGLQDO DQG YHUWLFDO WXUEXOHQW LQWHQVLW\ WKHUH DUH VPDOO GLIIHUHQFHV
EHWZHHQWKHVHWZRPHWKRGVILJXUHV7KHPRVWVLJQLILFDQWGLIIHUHQFHLVIRUWKHORQJLWXGLQDOWXUEXOHQWLQWHQVLW\IRU
WKH JUHDWHU VORSH 6  DQG JUHDWHU WRWDO ZDWHU IORZ GHSWK K FP LQ ZKLFK WKH UHVXOWV RI WKH KRWILOP
DQHPRPHWU\PHWKRGDUHJUHDWHUDSSUR[LPDWHO\XQWLOIURPWKDWIURPSDUWLFOHLPDJHYHORFLPHWU\PHWKRG7KH
GLVWULEXWLRQRIWXUEXOHQWVKHDUVWUHVVuv 5H\QROGVVWUHVVHVLQWKHIORZGHSWK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7KH JUHDWHU GLIIHUHQFH LV REVHUYHG LQ 5H\QROGV VWUHVVHV ,Q DOO FDVHV LPSHUPHDEOH DQG SHUPHDEOH EHG WKH
PHDVXUHPHQWVZLWKKRWILOPDQHPRPHWU\DUHPXFKKLJKHURYHU WKDQ LQFRPSDULVRQZLWK WKHPHDVXUHPHQWV
IURPSDUWLFOHLPDJHYHORFLPHWU\(VSHFLDOO\IRUWKHSRURXVILOWHUVLQWKHFDVHRIJUHDWHUVORSH6 DQGJUHDWHU
WRWDOZDWHUIORZGHSWKK FPWKHVHLVDVLJQLILFDQWGLIIHUHQFHEHWZHHQ5H\QROGVVWUHVVHVILJXUH7KLVLVGXHWR
WKHIDFWWKDWWKHKRWILOPDQHPRPHWU\PHWKRGKDVOHVVDFFXUDF\DQGRYHUHVWLPDWHVWKH5H\QROGVVWUHVVHV
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)LJ'LVWULEXWLRQRIWKHWXUEXOHQWVKHDUVWUHVVLQWKHIORZGHSWK\K
&RQFOXVLRQV
,QWKLVVWXG\DFRPSDULVRQEHWZHHQKRWILOPDQHPRPHWU\DQG3DUWLFOH,PDJH9HORFLPHWU\3,9PHDVXUHPHQWVLQ
RSHQ FKDQQHOV LV LQYHVWLJDWHG )RU WKLV UHDVRQ LQGLYLGXDO H[SHULPHQWV ZLWK WKHVH WZR PHWKRGV ZHUH FRQGXFWHG
,QLWLDOO\H[SHULPHQWVZHUHPDGHZLWKKRWILOPDQHPRPHWU\PHWKRGDQGWKHQZLWK3,9PHWKRGLQRSHQFKDQQHOVZLWK
WKHVDPHFRQGLWLRQV7KHIROORZFRQFOXVLRQVFDQEHGHULYHG
x 7KHGLIIHUHQWPHWKRGIRUH[SHULPHQWDOPHDVXUHPHQWVLQIOXHQFHLQVRPHFDVHVWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKH
IORZHVSHFLDOO\LQWKHFDVHRISHUPHDEOHEHG
x 7KHUHLVDJRRGDJUHHPHQWEHWZHHQWKHVHWZRPHWKRGVERWKIRUSHUPHDEOHDQGLPSHUPHDEOHEHGUHJDUGLQJWKH
YHORFLW\GLVWULEXWLRQ7KHGLIIHUHQFHVLQPHDQYHORFLWLHVDUHQHJOLJLEOH
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x 2QWKHWXUEXOHQWLQWHQVLWLHVORQJLWXGLQDODQGYHUWLFDOWXUEXOHQWLQWHQVLW\WKHUHDUHVPDOOGLIIHUHQFHVEHWZHHQWKHVH
WZRPHWKRGVDSSUR[LPDWHO\XQWLO
x 7KH JUHDWHU GLIIHUHQFH LV REVHUYHG LQ 5H\QROGV VWUHVVHV ,Q DOO FDVHV LPSHUPHDEOH DQG SHUPHDEOH EHG WKH
PHDVXUHPHQWVZLWKKRWILOPDQHPRPHWU\DUHPXFKKLJKHURYHUWKDQLQFRPSDULVRQZLWKWKHPHDVXUHPHQWV
IURPSDUWLFOHLPDJHYHORFLPHWU\7KLVLVGXHWRWKHIDFWWKDWWKHKRWILOPDQHPRPHWU\PHWKRGKDVOHVVDFFXUDF\DQG
RYHUHVWLPDWHVWKH5H\QROGVVWUHVVHV
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